In spite of the use of an uncemented humeral stem, no implant was radiologically loose or at risk. There was lucency in a single zone in 14 implants. One glenoid component was at risk and 16 had lucency in a single zone. There was, however, a significant difference in the amount of lucency which was associated with pegged and keeled glenoid components (p = 0.005). In the group with hemiarthroplasty, two or more years after surgery there was superior migration of the humeral component by more than 5 mm in 18 shoulders (28%) and medial migration by more than 2 mm in eight (16%). Both superior and medial migration had an effect on the outcome. Revision was undertaken in four patients for persistent pain relating to medial migration. With revision taken as the endpoint for survival after eight years, 92% were found to be still in situ.
Shoulder arthroplasty is now widely undertaken in patients with rheumatoid arthritis, but the use of uncemented humeral components remains controversial since they have W been associated with a higher incidence of loosening. 1, 2 We have attempted to confirm the place of arthroplasty in this condition and to assess the outcome using this type of implant.
Patients and Methods
Between 1982 and 2000 we implanted 144 Global shoulder arthroplasties (DePuy, Leeds, UK) in patients with rheumatoid arthritis of the shoulder (Fig. 1 ). All preoperative radiographs showed Larsen grade-IV or grade-V changes (Table  I ). The indication for surgery was pain and limited function.
All operations were undertaken by the senior author (IAT) or under his supervision and laminar airflow, bodyexhaust suits and antibiotic cover were used. Through a standard deltopectoral approach the subscapularis tendon and capsule were released at their insertions. The head and the shaft of the humerus and the glenoid were prepared using the technique described by the designers of the implant. 3 More recently, an intramedullary alignment guide has been used to improve orientation and in all patients an anteroinferior capsular release was undertaken. After operation all patients underwent a passive and early active mobilisation programme beginning on the first postoperative day.
We excluded 23 patients whose follow-up was less than two years. After a mean follow-up of 5.1 years (2.1 to 8.8), ten patients had died, four shoulders had been revised and two patients had been lost to follow-up. The remaining 98 patients (105 operations) with follow-up for more than two years formed the basis of the study. Of these 40 were total shoulder arthroplasties and 65 hemiarthroplasties. Table I gives details of the patients and operations. There were 91 unilateral and seven bilateral procedures. The female:male ratio was 5:1 and the mean age was 61.7 ± 10.8 years. Seven humeral components were cemented and the rest (97%) uncemented. In 11 shoulders, bone graft taken from the humeral head was packed around the neck and stem of the implant; in eight of these the rotator cuff was absent. Of the 40 total shoulder arthroplasties (TSR) 11 had keeled and 29 pegged glenoid components. The choice of the component was made by the surgeon at the time of operation. The indications for replacement of the glenoid were good glenoid bonestock and an intact or repairable rotator cuff. The condition of the rotator cuff at time of operation is given in Table I . In 18% of shoulders it was intact and in 35% it was thin and atrophic with 47% having a tear. Of the 65 humeral head replacements (HHR) six had good glenoid bone stock and an intact rotator cuff, whereas 13 had glenoid erosion and a torn rotator cuff.
We determined the pre-and postoperative function of the shoulder using the method of Constant and Murley 4 and the Association of Shoulder and Elbow Surgeons (ASES) patient self-evaluation forms. 5 Initially, both were carried out during routine outpatient appointments, but since 1997 they have been undertaken annually in research clinics. Anteroposterior (AP) and axillary radiographs of each shoulder were taken on each visit. As stated by Rozencwaig et al, 6 the collection of adequate data on a sufficient number of patients is a daunting task. We used a goniometer to assess the range of movement and strength was measured in kilograms of resisted abduction using an electronic myometer (MIE Medical Instruments, Leeds, UK).
The method of numbering and measuring demarcation was as described by Sperling et al. 7 Superior migration was recorded as movement of the centre of the head of the humerus as reported by Deutsch et al. 8 Medial migration was calculated from the perpendicular distance between the long axis of the humeral component and the most distal point of the glenoid. These measurements required AP views with the beam and arm each separately externally rotated by 30°.
Survival analysis was undertaken with the endpoint defined as revision and a survival curve was constructed using the Kaplan-Meier method.
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Statistical analysis. Differences between the preoperative and postoperative measurements for each variable of active movement, pain and both shoulder function scores were tested using Student's t-test. One-way ANOVA with Bonferroni correction was used to determine if function changed with the passage of time. The one-sample KolmogorovSmirnov test determined whether variables were normally distributed. Sensitivity to change was also determined by calculating the effect size which is sometimes known as the standardised response mean.
10-12 Cohen 10 has suggested the guidelines for interpreting the magnitude of the effect size (> 0.8 = large effect; 0.5 = medium effect; 0.2 = small effect). The power of the statistical tests was determined by using the method described by Cohen.
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Results Table II gives the assessments of pain and function and the effect size before and after operation. The preoperative function of these patients was very poor. There was no significant difference in the preoperative status between the HHR and TSR groups. After operation all measurements of pain, function and activity scores were significantly improved (Student's t-test, p < 0.001). Although these dif- ferences were statistically significant, pain was the only variable which showed considerable change. Improvement in pain accounted for most of the improvement in the Constant-Murley and ASES scores. While there was a slight difference in some postoperative measurements between the HHR and TSR groups, this was not statistically significant (Table III) .
All the values for effect size in Table II were above 0.8 whereas none in Table III reached a value of 0.5. The power of Student's t-test from the function data in Table III was 60%. A power of 80% is required to prevent a type-II error and the number of measurements of function would therefore have to be increased to 200.
The preoperative pain and function measurements were significantly different (p = 0.001) from those of each follow-up year up to seven years with the mean differences always being greater than 6, 30 and 20 for pain, ASES score and Constant-Murley score, respectively. The sample for the follow-up at eight years was too small to show a significant difference. There was no significant change in pain or function between any of the follow-up years. Radiological analysis. There was lucency around the humeral component in one zone in 13% of shoulders (Table  IV) , but none was grossly loose. Observations of the glenoid components indicated that in the pegged group 36% had lucency in at least one zone whereas 90% of keeled components had a radiolucent line of more than 1 mm in at least one zone. The difference for the incidence of lucency between the two glenoid components was significant with chi-squared = 7.94 (1 degree of freedom) and p = 0.005. There was superior migration of the humeral component by more than 5 mm in 26 of 97 shoulders (26.8%) with no difference in incidence between HHRs and TSRs. Twelve (12.4%) had migrated by more than 10 mm.
Cox regression was used to determine if any preoperative factors were associated with superior migration. These included age, Larsen grade, the presence of a tear of the rotator cuff and the subacromial distance measured on preoperative radiographs. The following prediction equation was obtained:
Log hazard = -0.3102 ϫ subacromial distance 1 age ϫ 0.0559
These two variables had a significant effect on the hazard rate of superior migration occurring with p = 0.016. Age had a positive function and subacromial distance a negative function. The risk of superior migration occurring increased by 30% for each millimetre that the subacromial distance decreased and it increased by 5% for each year of age.
Sixteen shoulders had radiographs which could not be reproducibly measured for medial migration. This was because either a portable machine had been used for the initial postoperative radiograph which resulted in variable positioning of the patient or the fact that the distal glenoid had no reproducibly visible landmark. There was medial migration by more than 2 mm in 16.3% of the 49 HHRs which were measured. The effects of a tear of the rotator cuff and superior and medial migration on postoperative pain, movement and the ASES and Constant-Murley scores are given in Table V . The presence of a complete tear of the rotator cuff reduced the ASES score by a mean of 16 points. Superior migration decreased it by a mean of 12 points and medial migration led to an increase in pain and a mean reduction in the score by 24 points. Survival. Of a total of 121 operations, 12 patients were withdrawn from the study; ten had died and two lost to follow-up. Figure 2 indicates that after eight years 92% of the arthroplasties had survived, with a lower 95% confidence limit of 84%. Four HHRs were revised to TSRs for persistent pain. The assessment of pain and function after 
Discussion
We have shown that shoulder arthroplasty gives good longterm clinical and radiological results in patients with rheumatoid arthritis of the shoulder. There is satisfactory relief from severe disabling pain which is the main indication for surgical intervention. Movement and strength also improved. The survivorship at eight years was 92%.
Although there is an improvement in function it remains limited. The self-assessed disability status does not reflect measurement of impairment by the Constant-Murley score.
The latter has relatively poor sensitivity to change in function after operation in this group of rheumatoid patients. Pain accounts for only 15 points although this is the primary indication for surgery. Strength accounts for 25 points, but both we and Søjbjerg et al 14 have shown that patients with rheumatoid arthritis only have a mean strength (resisted abduction) of 2.27 kg. These values are compounded by a diminished range of movement. Talkhani and Kelly 15 have shown that normal subjects over 70 years of age have a maximum of only 60% of full elevation.
We also found little evidence of loosening of an uncemented humeral component in these patients. Lucent zones were seen in 13% of patients and were not progressive. Revision for loosening was not required. This contrasts with the findings of Sneppen et al 1 and Stewart and Kelly, 2 who showed loosening of uncemented humeral components and recommended that they should be cemented. The latter authors also reported that the incidence of loosening increased after seven years, although we did not observe this. The humeral component of the Global total shoulder is intended for uncemented use, while those used by other authors were designed to be used with cement.
Rates of radiological and clinical loosening of glenoid components of between 44% and 86% have been reported. 16, 17 In our series, there was overall radiological evidence of loosening in 53% although none required revision. The incidence of loosening around the pegged glenoid component was significantly less than that around the standard keeled component. The assessment of lucency on plain radiographs is, however, prone to error because of the oblique orientation of the glenoid fossa. 18 Nagels et al 19 have suggested that the incidence of early loosening is underestimated on plain radiographs and advocate radiostereometry to monitor loosening. We have not shown any statistical difference in the outcome after HHR and TSR. The forward elevation of 76°a fter TSR is similar to that in previous studies. 2, 14, 20 Levy Survival curve for the Global shoulder arthroplasty (censored cases) with revision as the endpoint. The 95% confidence limits at eight years are shown. The progressive proximal and medial migration of the HHRs is of particular concern. The results of the Cox regression analysis are in agreement with observations made by Søjbjerg et al 14 who noted that proximal migration was the most common complication of TSR in patients with rheumatoid arthritis and attributed it to failure of the rotator cuff. It can occur, however, irrespective of the state of the rotator cuff at surgery, although it is more common in patients with a deficiency of the cuff and in older patients.
The presence of an intact functional cuff is usually associated with better results. Rozing and Brand 22 found an improved clinical result after additional repair of the rotator cuff. Freidman et al, 20 however, found that pathological changes in the rotator cuff did not correlate with the severity of the rheumatoid disease and that improvement in function was not increased in patients with an intact rotator cuff.
Sneppen et al 1 also recorded proximal migration of HHRs, but found that this did not affect the outcome. We found that medial migration affected both pain and function, and four revisions to a TSR were undertaken for persistent pain. This alleviated the pain and improved the outcome. We are unable to predict, however, which patients will develop this complication.
Our study confirms the place of shoulder arthroplasty in patients with rheumatoid arthritis. We were able to show good fixation with uncemented humeral components and better fixation with pegged glenoid components. There were no differences, however, in the outcome after HHR and TSR. Therefore, the disadvantages of possible loosening of the glenoid component of a TSR must be weighed against the possible medial migration of an HHR.
